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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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Abstract.
Introduction: Sepsis-associated hyperlactatemia (SAHL), 

Lactic acidosis, is a common problem in critically ill patients. The 
prevalence of Lactic acidosis is estimated to be approximately 
1% of all hospitalized nonsurgical patients. The purpose of our 
study was to reveal possible associations between the level 
of Lactate with sepsis biomarkers: PCT, IL 6, and PO2 in the 
presence of ACE 2 inhibitors in Covid-19 infected and non-
infected patients with Septic Shock. 

Methods: We conducted a cohort study, comparing outcomes 
of 212 critically ill patients with Septic shock, who were treated 
in the intensive care unit of First University Clinic of Tbilisi 
State Medical University during the 2020-2021 years. 

Inclusion criteria for the study were: Age>40ys; COVID-19 
and other respiratory diseases associated with Septic shock, 
with respiration dysfunctions with prior exposure to ACE2 
inhibitors o no history of treatment with the ACE2 inhibitors.

Patients enrolled in the study were individuals who were 
diagnosed with COVID–19 infection and septic shock, and who 
were undergoing treatment with ACE2 inhibitors/not taking 
ACE2 inhibitors; patients with septic shock who were not 
infected with COVID-19, and who were undergoing treatment 
with ACE2 inhibitors/not taking ACE2 inhibitors. According to 
lactate level, the studied patients were divided into subgroups: 
lactate <3 mMol/l, and lactate > 3mmol/l. 

In patients with septic shock who were not infected with 
COVID-19 the main Causative microorganisms were gram-
negative bacteria.

In patients’ blood the Interleukin-6 (IL-6), lactate, procalcitonin 
(PCT), pO2, and pulmonary pressure were investigated.

Results: Results of the study show that the rise in lactate 
levels in COVID-19-infected and non-infected patients was 
accompanied by an increase in PCT content and a decrease 
in pO2 level in blood. Therefore, serum lactate levels can be 
used as a prognostic marker of the severity of septic shock in 
COVID-19-infected and noninfected patients. In COVID-
19-infected patients together with the increased lactate level, 
increases the level of IL-6, which indicates the important link 
between the quality of immunological disorders, inflammation, 
and COVID-19 infection in patients with ARDS and sepsis. 
These alterations were not prevented by the prior use of the 
ACE2 inhibitors.

Conclusion: In COVID-19-infected and noninfected patients 
who didn't use ACE2 inhibitors, high lactate levels were 
accompanied by decreased pulmonary pressure which was 
normalized in patients who prior used ACE2 inhibitors.

Key words. ACE2 inhibitors, lactate, septic shock, Covid-19.

Introduction.
Sepsis-associated hyperlactatemia (SAHL), Lactic acidosis, 

is a common problem in critically ill patients. The prevalence 
of Lactic acidosis is approximately 1% of all hospitalized 
nonsurgical patients. Since it is associated with a high mortality 
rate, critical care physicians need to be adept at diagnosing and 
treating this grave clinical condition [1-3].

In sepsis, there may be observed an increased production of 
lactate even in the absence of hypoxia. Hyperlactatemia may 
be caused both by oxygen debt at inadequate tissue perfusion 
and may be promoted by endotoxin-induced inhibition of 
pyruvate dehydrogenase activity or by damaged oxidative 
phosphorylation, increased anaerobic glycolysis, leading to 
pyruvate and lactate accumulation in the cell, with consequent 
leakage of excess lactate into the circulation, causing an increase 
in blood lactate level [4,5].

COVID-19 is a localized “respiratory infection” and 
a “multisystem disease” caused by diffuse systemic 
processes involving complex interactions of immunological, 
inflammatory, and coagulation cascades. The SARS-CoV-2 
itself can cause sepsis regardless of the presence of secondary 
bacterial or fungal infections [6] through various mechanisms, 
including immune dysregulation, and respiratory dysfunction, 
which in the conditions of circulatory dysfunction and disorders 
of microcirculation, leading to hypoxia, hypoxemia, metabolic 
acidosis, and the multiorgan failure observed in COVID-19 
[6,7]. 

Pulmonary arterial hypertension, defined as a mean pulmonary 
artery pressure exceeding 20 mmHg, is usually observed in 
human sepsis, even before the development of acute respiratory 
distress syndrome (ARDS). Pulmonary arterial hypertension 
during sepsis and ARDS was associated with obstruction of 
the pulmonary microcirculation with microthrombi composed 
of platelets and leukocytes, and also with active pulmonary 
vasoconstriction induced by the autonomous nervous system, 
hypoxia or vasoactive humoral factors ("mediators") [8,9]. 
Elevated pulmonary vascular pressure, due to pulmonary 
vasoconstriction and vascular remodeling, opposes blood 
flow through the lungs thus limiting the ability of the right 
ventricle (RV) to increase cardiac output (CO) and maintain 
adequate oxygen delivery to tissue. Although the exact cause 
of pulmonary arterial hypertension in sepsis is unknown, it is 
associated with high mortality [8-10]. 

The renin-angiotensin system (RAS) is a complex endocrine 
system with a multi-dimensional enzymatic cascade to keep 
arterial blood pressure constant, which in turn helps maintain 
tissue perfusion and extracellular volume [4,11,12]. Although 
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RAS activation is a physiological reaction counteracting 
septic shock, excessive activation may further aggravate pro-
inflammatory responses and vascular dysfunction, resulting in 
worse clinical outcomes. In particular, a high degree of RAS 
activation was associated with microvascular dysfunction 
and organ failure in patients with sepsis [12,13]. Conversely, 
the inactivation of RAS showed protective effects on acute 
pulmonary or renal injury and decreased endotoxin-induced 
oxidative stress and endothelial dysfunction [10,14,15]. In 
animal models, the inhibition of angiotensin II improved 
mortality due to sepsis [16]. Accordingly, chronic suppression 
of RAS before an event of sepsis may be beneficial for clinical 
outcomes. One human observational study reported that the 30-
day mortality rate due to sepsis was reduced in elderly male 
patients who ever received Angiotensin II receptor blockers 
(ARBs) [13,17]. However, there is a lack of evidence evaluating 
the relationship between RAS suppression before an event of 
sepsis, and clinical prognoses. There have been several studies 
to evaluate whether ACE inhibitors or ARBs can be beneficial 
in sepsis [13,18,19].

For diagnosis of sepsis, several potential blood biomarkers 
are considered for sepsis diagnosis, among which, interleukin 
6 (IL-6), Procalcitonin (PCT), and C-reactive protein (CRP) are 
most widely used in clinical routine [18,20]. Normally, PCT is 
produced by C-cells in the thyroid gland. In the case of systemic 
bacterial infection, PCT is also produced in many non-thyroidal 
cells, and the levels of PCT dramatically increase within a few 
hours [21]. In patients with sepsis, IL-6 values were also found 
elevated persistently [20].

The aim of our study was to identify possible diagnostic 
markers of the severity condition of the patients with ARDS 
and septic shock. For this purpose, we investigated the possible 
dependence between the level of Lactate and sepsis biomarkers 
(PCT, IL-6, and pO2) (in the presence and without ACE2 
inhibitors) in COVID-19-infected and non-infected patients. 
Materials and Methods.

We conducted a cohort study of 212 critically ill patients with 
Septic shock (134 men (63.3%) and 78 women (36.7%), with 
a mean age between 40-70 years were evaluated), who were 
treated in the intensive care unit of First University Clinic of 
Tbilisi State Medical University during 2020-2021 years. 

Inclusion criteria for the study were: Age>40ys; COVID-19 
and/or other respiratory diseases associated with Septic shock, 
with respiration dysfunctions with prior exposure to ACE2 
inhibitors or no history of treatment with the ACE2 inhibitors. 

Exclusion criteria: Age< 40 years; absence of respiratory 
dysfunction.

Patients enrolled in the study were divided into 4 target groups: 
Group I comprised individuals who were diagnosed with 
COVID–19 infection and septic shock and were undergoing 
treatment with ACE2 inhibitors. Group 2 patients were those 
who were diagnosed with COVID-19 infection and septic shock 
and were not taking ACE 2 inhibitors. Group 3 included patients 
with septic shock who were not infected with COVID-19 and 
were undergoing treatment with ACE2 inhibitors. Group 4 
comprised patients diagnosed with septic shock who were not 
infected with COVID-19 and were not taking ACE 2 inhibitors. 

According to lactate level, the studied patients were divided into 
subgroups: Groups 1a, 2a, 3a, 4a - whose lactate was <3mmol/l, 
and 1b, 2b, 3, 4b - whose lactate was> 3mmol/l.

In patients with septic shock who were not infected with 
COVID-19 (Groups 3, 4) the main causative microorganisms 
were gram-negative bacteria.
Laboratory tests.

In the patients' blood, we evaluated changes in variables 
such as Interleukin-6 (IL-6; Norm - < 17.4Pg/ml), lactate 
(Norm - 1.5-2.2mmol/l), and PCT (Norm - < 0.05 ng/ml). 
The level of IL-6 concentration in the blood by the electro-
chemiluminescence (ECL) method on the Cobas e-411 (Roche) 
device with Elecsys IL-6 reagent; PCT was measured by 
immunofluorescence method using a Fin care III Plus device. 
Lactate was measured by spectro-photocolorometric method, 
on the biochemical analyzer Cobas C 111. pO2 by radiometric 
cartridge method with t ABL 90 FLEX (RADIOMETER) 
device. The pulmonary arterial pressure was measured by GE 
Vivid s5 Ultrasound Machine (Norm 21 ± 4 mm Hg).
Statistical Methods.

For comparative analysis of the data, we used Factorial 
Analysis of Variance (We used the Software Program SPSS-
12 for Windows to process the data and visualize the results). 
Statistically significant differences between parameters were 
assumed; p<0,005 was considered statistically reliable.
Results.

According to the results of our study in COVID-19-infected and 
non-infected patients who didn’t use ACE2 inhibitors difference 
in lactate level was not detected, though in COVID-19 non-
infected patients who used ACE2 inhibitors the level of lactate 
increased up to 7mmol/l (The normal range is 0.5-2.2mmol/l) 
(Figure 1).

In COVID-19-infected and non-infected patients, who 
used ACE2 inhibitors the level of PCT was the lactate level 
dependent - if the lactate level was high, the PCT level was also 

Figure 1. The impact of ACE2 inhibitors on the lactate level in 
COVID-19 infected and non-infected patients. (The mean value, 
Standard deviation, and Confidence interval of 95 %).
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high. Without the use of ACE2 inhibitors, there was no relation 
between the lactate level and PCT (Figure 2).

In COVID-19-infected and non-infected patients, who used 
ACE2 inhibitors, pO2 was dependent on the level of lactate - if 
the lactate level was high, the pO2 level was low. Without the 
prior use of ACE2 inhibitors, there was no relation between pO2 
and lactate level (Figure 3).

As it seems from the study results, in all investigated patients 
pulmonary hypertension (>20 mmHg) was detected. In patients 
who didn’t use priorly ACE2 inhibitors, the level of pulmonary 
pressure was lactate level dependent – if the lactate level was 
high, the pulmonary pressure decreased significantly, especially 
in COVID-19-negative patients. In the case of the use of an 
ACE2 inhibitor, there was no relation between pulmonary 
pressure and lactate level (Figure 4).

In COVID-19-infected patients, the level of IL-6 was Lactate 
level dependent – IL-6 content increased with the increase of the 
lactate level, especially, in the case of the prior use of the ACE2 
inhibitors. In COVID-19-non-infected patients, the level of IL-6 
did not change despite the changes in lactate level (Figure 5).
Discussion.

Serum lactate levels usually are used as a surrogate marker 
of tissue hypoxia in critically ill patients, also reflect the 

Figure 2. Dependence of PCT on lactate level in COVID-19 positive 
and negative patients, with or without prior use of ACE2 inhibitors. 
(The mean value, Standard deviation, and Confidence interval of 95 %).

Figure 3. Dependence of pO2 on the lactate level in COVID-19 positive 
and negative patients, with or without prior use of ACE2 inhibitors. 
(The mean value, Standard deviation, and Confidence interval of 95 %).

Figure 4. Dependence of Pulmonary pressure on the lactate level in 
COVID-19 positive and negative patients, with or without prior use of 
ACE2 inhibitors. (The mean value, Standard deviation, and Confidence 
interval of 95 %).

Figure 5. Dependence of IL-6 on the lactate level in COVID-19 positive 
and negative patients, with or without prior use of ACE 2 inhibitors. 
(The mean value, Standard deviation, and Confidence interval of 95 %).

Lactate level ACE2 inhibitor
Group 1 COVID-19-
infected patients

Group 1a <3mmol/l +
Group 1b >3mmol/l +

Group 2
COVID-19-infected 
patients 

Group 2a <3mmol/l -

Group 2b >3mmol/l -

Group 3 COVID-19-
noninfected patients

Group 3a <3mmol/l +
Group 3b >3mmol/l +

Group 4 
COVID-19-
noninfected patients

Group 4a <3mmol/l _

Group 4b >3mmol/l _

Table 1. Groups of studied patients.
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progression of septic shock and, therefore, may be used as a 
noninvasive prognostic marker or guide to resuscitation. Some 
studies demonstrated hyperlactatemia in patients with ARDS 
that were proportional to the severity of the lung injury, several 
studies indicate that there is no significant relation between 
lactate levels and the severity of lung disease [12,22].

We investigated the lactate level in the patient's blood with 
ARDS and sepsis (COVID-19-infected and non-infected). 
According to the results of the presented study, alterations of the 
lactate level in COVID-19-infected and non-infected patients 
with ARDS and sepsis were dependent on the previous history 
of use of ACE2 inhibitors: in patients, who didn’t priory use 
ACE2 inhibitors difference in lactate level between COVID-19-
infected and non-infected patients was not detected; in patients 
who used ACE2 inhibitors the level of lactate in COVID-19 
non-infected patients was importantly higher than in COVID-
19-infected patients. 

In sepsis, increased production of lactate may be caused both 
by oxygen debt at inadequate tissue perfusion and endotoxin-
induced inhibition of pyruvate dehydrogenase activity or by 
damaged oxidative phosphorylation, and increased anaerobic 
glycolysis; disorders in mitochondrial respiration, activation 
of anaerobic glycolysis in the tissue cells, and accumulation of 
lactate in the blood may be induced by Ang II, initiating the 
inflammatory cascade [2,24,26]. Therefore, the prior use of 
ACE2 inhibitors can support the decrease of Ang II level and 
its pro-inflammatory cascade, in particular, disorders in the 
mitochondrial respiratory chain, in critically ill COVID-19-
infected and non-infected patients with septic shock [19,27,28].

It is believed, SARS-COV enters alveolar cells via a membrane-
bound angiotensin-converting enzyme 2 (ACE2), which is the 
binding site for the coronavirus spike protein, promoting its 
adhesion to the cell surface, followed by internalization of the 
SARS-COV/ACE2 complex into the cytoplasm which reduces 
ACE2 expression on the membrane surface [11,23,24], leads 
to the increase of Ang II level, Ang II-induced ROS formation 
[24-26], and inclusion of inflammation. These effects are 
the additional source, promoting disorders in mitochondrial 
respiration and activation of anaerobic glycolysis in the tissue 
cells, and accumulation of lactate in the blood. In our previous 
studies it was shown that in patients infected with COVID-19 
with ARDS and sepsis who did not receive ACE2 inhibitors, the 
initial level of Ang II was higher than in non-infected patients 
[19,27]. In COVID-19-infected and uninfected patients with 
ARDS and sepsis, ACE2 inhibitors reduce the levels of Ang 
II and the severity of inflammation (CRP, IL-6, the activity of 
leukocytes and blood pro-coagulation system (level of D dimer), 
and therefore, the ACE2 inhibitors play an important role in 
the regulation of inflammatory processes in both COVID-19-
infected and non-infected patients with septic shock [19,27,28].

According to the results of the presented study, in COVID-
19-infected and non-infected patients with ARDS and sepsis 
who didn’t use ACE2 inhibitors difference in lactate level 
was not detected; in COVID-19 non-infected patients who 
used ACE2 inhibitors, the level of lactate was importantly 
higher than in COVID-19-infected patients. According to the 
literature data, intracellular ANG II plays an important role in 

the regulation of mammalian cell function and is involved in 
the pathogenesis of various human diseases. ANG II through 
nuclear AT1Rs promotes protective mechanisms by stimulating 
the AT2R signaling cascade, which involves mitochondrial 
AT2Rs and Mas receptors. The stimulation of nuclear ANG II 
receptors enhances mitochondrial biogenesis thus protecting 
the cell against oxidative stress. These studies indicate that 
iRAS promotes the protection of cells through nuclear AT1R 
signaling, which, in turn, promotes AT2R-dependent processes 
in mitochondria [29].

The rice in lactate level in COVID-19-infected and non-
infected patients is accompanied by an increase in PCT content 
and a decrease in pO2 level. In COVID-19-infected patients 
together with the increased lactate level, the level of IL-6 
increases, which indicates the important link between the quality 
of immunological disorders and inflammation and CPVID-19 
infection in patients with ARDS and sepsis. Therefore, lactate 
level reflects the severity of inflammation in patients with 
ARDS and septic shock. These alterations cannot be prevented 
by ACE2 inhibitors.

In COVID-19-infected and noninfected patients who didn't 
use ACE2 inhibitors, high lactate levels were accompanied by 
decreased pulmonary pressure which was normalized in patients 
who prior used ACE2 inhibitors. 
Conclusion.

Serum lactate levels can be used as a prognostic marker of the 
severity of septic shock in COVID-19-infected and noninfected 
patients. The rice in lactate level in COVID-19-infected and 
non-infected patients is accompanied by an increase in PCT 
content and a decrease in pO2 level. In COVID-19-infected 
patients together with the increased lactate level, the level of 
IL-6 increases, which indicates the important link between 
the quality of immunological disorders and inflammation and 
COVID-19 infection in patients with ARDS and sepsis. These 
alterations cannot be prevented by ACE2 inhibitors.

In COVID-19-infected and noninfected patients who didn't 
use ACE2 inhibitors, high lactate levels were accompanied by 
decreased pulmonary pressure which was normalized in patients 
who prior used ACE2 inhibitors.
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